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Road Map for Dimension Reduction Methods

Dimension.Reduction

Linear DR methods —

QK Spectral.Clustering

aplacian.eigenmaps
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Non-linear DR methods —

Trajectory.Analysis
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UMAP 2
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Neural Crest Lineage Analysis with Monocle 3
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Neural Crest Lineage Analysis with Monocle 3
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Neural Crest Lineage Analysis with Monocle 3
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Outline of Trajectory Analysis with Monocle 2 and 3

Monocle 2 Monocle 3

Input.data Input.data

Preprocessing

Preprocessing

Clustering
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Pseudotime

DR: dimension reduction
RGE: reversed graph embedding



Comparison between Monocle 2 and 3

Monocle 2 Monocle 3
Feature selection suggested possible
Clustering and RGE parallel sequential
Initial DR PCA UMAP
Graph Tree Graph
Partition Single tree Multiple graphs
Number of node 133 400
Plot Projection from RGE UMAP + trajectory

DR: dimension reduction
RGE: reversed graph embedding




Trajectory Analysis (Monocle 2)

high-dimension low-dimension k-means clustering
o o« z G: graph
° X Initial dimension ° Guess initial V: vertex
e o reduction o cell trajectory
. — . ° e E: edge
® o PCA . e On centroids 4
o ° o
® o (LLE, DM, ...) . G(V, E)
I o o ° ¢ o
¢ - |||" ’ :
/ ¢~“‘ Repeat until both cell trajectory
f and cell positions are stable Update cell positions
S under the optimization function based on current trajectory
" Update cell
centroids
—— ~——
Update map
back to high- o
dimensional °
space

Xiaojie Q1u..Cole Trapnell Nat Methods 14:979-982 2017



Pseudotime (Monocle 2)

Select root
Branches

defines fate
decisions

Distance from
root defines
pseudotlme

Pseudotlme

Xiaojie Qiu..Cole Trapnell Nat Methods 14:979-982 2017



Reversed Graph Embedding

Obj = obj; + A(obj,) + y(obj;)

Minimizing objective function

A: tuning parameter
y: tuning parameter

Xiaojie Qiu..Cole Trapnell Nat Methods 14:979-982 2017



Reversed Graph Embedding

Obj, =X - WZ||™

|A]|: Frobenius norm = (Z;; (a;;)"%)"!
X: data matrix i high-dimension

Z:: data matrix 1n low-dimension

W: rotation matrix, subject to W'W =1
W transposition of W

[: 1dentity matrix

Xiaojie Qiu..Cole Trapnell Nat Methods 14:979-982 2017



Reversed Graph Embedding

Dimension.Reduction Osz — le b1J||y1 o YJ||A2

b; = 1 1f connected, 0 otherwise
B: adjacency matrix
y.: centroid

QIK Spectral.Clustering

J
J

Trajectory.Analysis
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Xiaojie Qiu..Cole Trapnell Nat Methods 14:979-982 2017



Reversed Graph Embedding

Obj; = 2 1 (||z; — yil[M* + olog(riy))

y,. centroid modified k-means clustering
z;: point in low-dimension

I; . probability of 11n cluster k
2= 1

G: regularization parameter

Gaussian Mixture Model (GMM)

Xiaojie Qiu..Cole Trapnell Nat Methods 14:979-982 2017
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Law of Parsimony (Occam’s Razor)

Everything should be made as simple as possible,
but not simpler.

Albert Einstein




Summary of Dimension Reduction Methods
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